A central role for polo-like kinases (PLK) in regulating several stages of mitotic progression has been born out in several species. Overexpression of PLK1 is observed in the majority of hitherto analysed human tumors. PLK1 overexpression is a negative prognostic factor in patients suering from non-small cell lung cancer, head and neck tumors, esophageal carcinomas and melanomas. In order to de®ne the role of PLK1 for mitotic progression of human cells and for neoplastic cell growth, phosphorothioate antisense oligonucleotides (ASOs) were tested to selectively downregulate PLK1 expression in MDA-MB-435 (breast cancer), HeLa S3 (cervical carcinoma) and A549 (non-small cell lung cancer) cells. ASOs were identi®ed which suppress PLK1 mRNA and protein in a dose-dependent and sequence-speci®c manner. This approach also led to reduced PLK1 serine/threonine kinase activity. Downregulation of cellular PLK1 levels in cancer cells altered cell cycle progression moderately with an elevated percentage (20 ± 30%) of cells in G 2 /M. Furthermore, cells with reduced PLK1 protein gained a rounded phenotype with multiple centrosomes. Moreover, ASO treatment resulted in potent antiproliferative eects in cell culture. Considerable antitumor activity was observed in vivo against A549 cells. This study suggests that antisense inhibitors targeted against PLK1 at well tolerated doses may be considered as a cancer therapeutic agent.
Introduction
The mammalian polo-like kinase (PLK1) is structurally related to the polo gene product of Drosophila melanogaster, Cdc5p of Saccharomyces cerevisiae and plo1 + of Schizosaccharomyces pombe. This emerging family of serine/threonine kinases is highly conserved from yeasts to humans. The ability to regulate multiple stages of the mitotic progression is the hallmark of pololike kinases (plks). Detailed information about the role of plks for mitotic progression came from genetic studies on Drosophila polo, the founding member of the family. Drosophila mutants homozygous for a strong mutant polo allele die as larvae (Llamazares et al., 1991; Sunkel and Glover, 1988) . Flies with a weaker mutant allele produce embryos with severe mitotic defects such as condensed chromosomes with irregular microtubule arrays and a lack of organized centrosomes. Additional genetic approaches provided further insight into the function of the putative yeast homologues of polo. In S cerevisiae mutations in the CDC5 gene cause abnormalities in both mitotic and meiotic divisions (Byers and Groetsch, 1974; Hartwell et al., 1973; Sharon and Simchen, 1990) . CDC5 mutants arrest in late mitosis as large, budded cells with partially segregated nuclei on an elongated spindle (Kitada et al., 1993) . Furthermore, loss of plo1 + function in Schizosaccharomyces pombe has two consequences: It leads to either a mitotic arrest in which condensed chromosomes are associated with a monopolar spindle or following the completion of nuclear division to a failure in septation (Ohkura et al., 1995) . Taken together, deletion or strong mutations in plk-coding genes of dierent species cause severe growth retardation or even cellular lethality suggesting that plks play key roles for the mitotic progression of lower eukaryotes.
Whereas the yeasts can achieve cell-cycle progression utilizing a single cyclin-dependent kinase, mammals have evolved multiple forms of both Cdks and their activating Cdc25 phosphatases. The phylogenetic development of the plk family is comparable. In contrast to lower eukaryotes, which possess only one plk gene, at least three PLKs (PLK1, PLK2/SNK, PLK3/FNK) could be isolated from mammalian cells (Clay et al., 1993; Golsteyn et al., 1994; Holtrich et al., 1994 Holtrich et al., , 2000 Lake and Jelinek, 1993; Li et al., 1996; Simmons et al., 1992) . Their speci®c functions are very complex and in particular their ability to complement each other remains to be elucidated. We identi®ed human PLK1 and could demonstrate that levels of PLK1 transcripts and protein are elevated in tissues and cells exhibiting a high mitotic index including tumors and immortalized cell lines (Clay et al., 1993; Golsteyn et al., 1994; Holtrich et al., 1994; Lake and Jelinek, 1993; Yuan et al., 1997 ). An increasing body of evidence suggests that the frequency of PLK1 expression is of prognostic value for patients suering from dierent types of tumors like non-small cell lung cancer, squamous cell carcinomas of head and neck, melanomas and esophageal carcinomas (Knecht et al., 1999; Strebhardt et al., 2000; Tokumitsu et al., 1999; Wolf et al., 1997) . The importance of PLK1 as measure for the aggressiveness of a tumor and its key role for cellular proliferation raise the question whether the inhibition of the PLK1 function in mammalian cells induces as dramatic eects as previously observed in lower eukaryotic cells.
Increasing knowledge about the genetic control of cellular proliferation provides the basis for the rational design of speci®c therapeutic strategies aimed at the regulation of proliferative disorders such as cancer. Although certain unanswered questions concerning the applicability of the antisense technology remain (Stein, 1995; Wagner, 1995) , this experimental approach can, when targeted to key elements of proliferation-relevant signal transduction pathways, prevent the development of speci®c human cancers. Several phosphorothioate antisense oligonucleotides (ASOs) are currently being evaluated in patients suering from dierent types of cancer such as ovarian, colon, lymphoma and melanomas (Crooke, 2000) . Furthermore, studies in which these drugs are used in combination with traditional chemotherapeutic agents are in progress.
To elucidate the role of PLK1 for the inhibition of tumor cell growth, in the present study we tested the potential of phosphorothioate ASOs targeted against human PLK1 to inhibit its mRNA and protein expression. We then evaluated the eects of PLK1-speci®c ASOs on the proliferative activity of human tumor cells (breast cancer, MDA-MB-435; non-small cell lung cancer, A549 and cervical carcinoma, HeLa S3) in vitro and in vivo to shed light on the role of PLK1 as target for cancer treatment.
Results
ASOs inhibit specifically the expression of PLK1 mRNA and protein Twenty-six phosphorothioate ASOs, each 20 nucleotides in length and predicted to hybridize with human PLK1 mRNA were tested to identify eective candidates capable of inhibiting PLK1 gene expression in human tumor cells. These ASOs were homologs to dierent regions of PLK1 mRNA, with nine ASOs targeted to the 5'-untranslated region, six targeted to sites within the coding region of PLK1 and 11 targeted to the 3'-untranslated region (Figure 1a) . Binding of ASOs to the complementary sequence of the mRNA for a speci®c gene results in gradual downregulation of the protein and loss of function of that gene mostly due to the activation of RNase H, which cleaves the mRNA at RNA/DNA duplex sites (Dirksen and Crouch, 1981) . Since phosphorothioates are excellent substrates for RNase H, antisense activity for each of these ASOs was evaluated with Northern blot analyses using a PLK1-speci®c probe.
Treatment of MDA-MB-435 breast cancer cells in vitro with ASOs against PLK1 at a concentration of 250 nM in the presence of uptake-enhancing cationic lipids (DOTAP) led in few cases to an essential loss of PLK1 mRNA within 24 h as demonstrated in Figure  1b . The evaluation of Northern blots standardized to the expression of actin or glyceraldehyde-3-phosphate dehydrogenase (G3PDH) mRNA revealed that the ASOs, named P12 and P13, which target the 3'-untranslated domain, are ecient inhibitors for reducing PLK1 mRNA in cultured human MDA-MB-435 cells to levels of 30 and 40%, respectively compared to DOTAP-treated cells. Still, most tested ASOs had limited or no in¯uence on the level of endogenous PLK1 mRNA. Furthermore, two control ASOs (HSV-ASO derived from Herpes Simplex Virus and a nonsense-ASO representing a random sequence) led only to a weak reduction. Speci®c reduction by the ASOs P12 and P13 could not only be demonstrated for MDA-MB-435 cells but also for other tumor cell types like HeLa S3 and A549 (Figure 1c,d) .
To determine whether decreases in PLK1 mRNA levels induced by ASOs were accompanied by corresponding reduction in protein levels, Western blot analyses were performed to evaluate the expression in dierent tumor cell lines after single application of ASOs. Signi®cant inhibition (P50.001) of the 68 kDa-PLK1 protein in MDA-MB-435 cells was observed with the ASOs P12 (80%) and P13 (73%) which were previously shown to be potent inhibitors of gene expression (Figure 2a) . A reduction of PLK1 mRNA induced by the application of P12 and P13 resulted also in a signi®cantly lower level (P50.05) of the corresponding protein in HeLa S3 (P12: 87%; P13: 47%) and A549 cells (P12: 74%; P13: 61%) ( Figure  2b,c) .
Speci®city of the ASO action requires that the outcome is dose-dependent and proportional to the downregulation of the gene. To test for speci®city, the concentration of P12 and a control ASO (HSV) was correlated to protein levels of PLK1. The treatment of HeLa S3 and MDA-MB-435 cells with P12 exhibited a dose-dependent reduction of PLK1 expression with a median inhibitory concentration (IC 50 ) of 50 ± 75 nM (Figure 2d ,e). The control ASO (HSV) had no signi®cant eect in Western blot analyses. The expression of other cellular proteins such as actin and p38 (MAP kinase family) was not in¯uenced signi®-cantly indicating that the eects on cells treated with P12 are sequence-speci®c for PLK1.
To directly assess whether downregulation of PLK1 protein level correlates also to reduced PLK1 kinase activity, immunoprecipitated PLK1 from HeLa S3 cells were subjected to enzymatic tests. Figure 2f shows the kinase activity of PLK1 precipitated with immune sera from P12-, control ASO (HSV)-and untreated cells. Although approximately equal amounts of PLK1 protein were present in the three immunoprecipitates, in P12-treated cells phosphorylation of exogenous casein was reduced to 50% of the enzymatic level in control cells. Virtually no kinase activity was detected in the preimmune precipitate (data not shown). These results suggest that the amount of PLK1 protein was (Figure 3a ). In addition, the remaining 24 ASOs, which had been tested for their ability to reduce the endogenous level of PLK1 mRNA, were utilized to measure their potential to in¯uence the growth of MDA-MB-435. The analysis revealed that those ASOs, which induced only a slight reduction of cellular mRNA, had only limited inhibitory eect on the proliferation of the breast cancer cell line MDA-MB-435 (data not shown). Whether the reduction of proliferative activity is cell type-speci®c or can also be achieved in other cancer cell lines was subsequently examined. P12 and P13 were shown to determine the extent of growth inhibition also signi®cantly in HeLa S3 cells (P50.001) and in A549 cells (P50.05) suggesting that PLK1 expression is essential for the proliferation of dierent types of cancer cells (Figure  3b,c) . Additional evidence for the speci®c activity of the inhibitory ASO P12 came from a dose-dependent reduction of cell growth in MDA-MB-435 and in HeLa S3 cells (Figure 3d,e) . Increasing concentrations of P12 (50 ± 250 nM) reduced the number of MDA-MB-435 cells by 80% and the number of HeLa S3 cells by 95% within 24 h compared to control cells. While maximal protein reduction was achieved in HeLa S3 cells with 100 nM (Figure 2d ), a concentration of 250 nM was required for MDA-MB-435 cells. In both cell lines 250 nM were necessary for maximal growth inhibition.
Reduced levels of PLK1 protein induce mitotic abnormalities
To determine whether the death of ASO treated cells was associated with cell cycle arrest or phenotypic abnormalities, we used FACS-analysis and laser scanning microscopy. Flow cytometric analyses of all three cell lines demonstrated that the induction of the G 2 /M cell cycle arrest was moderate. The ASO treatment resulted in an increase of cells in G 2 /M of approximately 20 ± 30% (data not shown).
Previous observations have demonstrated that microinjection of PLK1-speci®c antibodies resulted in abnormal distribution of condensed chromatin and monoastral microtubule arrays that were nucleated from duplicated but unseparated chromosomes (Lane and Nigg, 1996) . Here we showed for the ®rst time the reduction of endogenous PLK1 protein and corresponding PLK1-kinase activity in cancer cells. To analyse cell cycle phenotypes of P12-treated cells under these conditions, we immunolabeled A549 cells. Antibodies directed against a-tubulin to visualize the spindle apparatus and g-tubulin to localize centrosomes were used 48 h after transfection with P12 and HSV-ASO, respectively. While most of the HSV-ASOtreated cells proceeded through mitosis without abnormal phenotypes, many cells incubated with P12 gained a rounded shape and lost adherence to the cell culture plastic. Whereas application of HSV-ASOs preserved normal centrosome maturation in A549 lung cancer cells, P12-treated cells displayed often unseparated chromosomes and multiple centrosomes ( Figure  4 ). Partially separated chromosomes induced the formation of nuclear membranes enclosing at least one centrosome. This led to abnormal distribution of centrosomes in interphase cells as demonstrated in Figure 4a , b.
In vivo antitumor activity of PLK1 ASOs
Having demonstrated that PLK1 ASOs are capable of inhibiting growth of cancer cells in culture in a targetand sequence-speci®c manner, we tested whether P12 and P13 have also an inhibitory capability in vivo. For this purpose tumor fragments derived from a serial passage of three consecutive transplantations of A549 cells were implanted subcutaneously in nude mice. Xenograft mice bearing a tumor of 100 mm 3 in volume were treated with 12 mg/kg by bolus intravenous injection once daily. The in¯uence of P12 and P13 on the growth of A549 tumors was examined and compared to eects exerted by a control ASO (HSV) or PBS alone. The administration of both ASOs P12 and P13 at a dose of 12 mg/kg over a period of 24 days revealed a signi®cant eect on the growth of A549 tumors in mice (Figure 5a ). PLK1 ASOs administered systematically inhibited the growth of A549 tumor xenografts in nude mice by 70% (P12) and 86% (P13), respectively. In contrast, no in¯uence was observed when the tumor-bearing animals were treated with a control ASO (HSV) or PBS alone. The ecacy of ASO treatment on the inhibition of PLK1 expression in tumor cells was con®rmed by an immunohistochemical analysis: While administration of control ASOs (12 mg HSV/kg) for a period of 24 days had no signi®cant eect on the frequency of PLK1-positive cells (76%), marked reduction of PLK1-positive cells (10%) was observed in P12-and P13-treated animals (Figure 5b) . Staining with the conventional marker for cellular proliferation MIB-1 revealed a reduction from 61% to 8% of immunostained proliferating cells in tumors.
Discussion
Dierent experimental approaches had the goal to de®ne the function of PLK1 in mammalian cells by altering the level of PLK1 expression. First, the inhibition of PLK1 function through antibody microinjection blocked centrosome maturation in both nonimmortalized human Hs68 ®broblasts and HeLa cervical carcinoma cells (Lane and Nigg, 1996) . While PLK1-injected HeLa cells revealed severe mitotic defects such as immature centrosomes, nonimmortalized human Hs68 ®broblasts arrested in G 2 suggesting a centrosome-maturation checkpoint sensitive to alterations in PLK1 function. Second, results from transient expression of dominant negative PLK1 diered from previous antibody microinjection experiments in that most of the mitotic HeLa cells were bipolar and cytokinesis seemed to be disrupted (Mundt et al., 1997) . Third, adenovirus delivery of a dominantnegative PLK1 induced apoptosis in dierent tumor cell lines (Cogswell et al., 2000) . In contrast, normal human mammary epithelial cells arrested in mitosis, but seemed to escape the loss of centrosome maturation and mitotic defects observed in dierent cancer cells. Thus, the use of dierent methods to abrogate the activity of PLK1 revealed its essential role for mitotic progression in mammalian cells. Interestingly, recent data extend previous observations by further showing that the majority of tested tumor lines are more sensitive to the inhibition of PLK1 function than normal epithelial cells (Cogswell et al., 2000) . These results suggest that certain tumors show a selective apoptotic response versus normal epithelial counterparts. Still, the methods used in dierent studies are not suited for the systemic treatment of tumor-bearing animals or cancer patients. Antisense-based methods, which have been proven to inhibit the expression of certain critical cancer genes speci®cally, have already entered dierent clinical studies (Agrawal, 1996; Crooke et al., 1994; Zhang et al., 1995) . The antisense drug Vitravene has now been approved for the treatment of patients with cytomegalovirus-induced retinitis (Crooke, 1998) . Thus, we pursued the goal to test PLK1 as a possible target for cancer therapeutic intervention using an antisense oligonucleotide-based approach by reducing the endogenous level of PLK1 speci®cally in vitro and in vivo.
In contrast to many chemotherapeutical agents for the treatment of cancer cells, ASOs have the intriguing advantage to act speci®cally on the gene of interest. To test the speci®city of our approach in detail, we analysed the potential of dierent PLK1 ASOs to reduce the intracellular level of PLK1 expression and to act in an antiproliferative manner. As expected only very few ASOs were able to reduce the intracellular mRNA level, because due to the three-dimensional structure of mRNA only certain sequence domains are accessible for the heteroduplex formation with ASOs. Two ASOs P12 and P13 targeted against the 3'-untranslated region of human PLK1 mRNA were shown to be potent inhibitors of PLK1 mRNA and protein expression in cell culture. These ASOs displayed IC 50 values of 50 nM. Interestingly, our experiments revealed an antisense response, which seemed to re¯ect the level of endogenous transcripts in the cancer cells examined: For example, the A549 cells with the highest frequency of expression showed only a moderate response. Still, we can not rule out a homeostatic regulation, which can answer a decrease in mRNA concentration with a metabolic compensation. Administration of P12 and P13 to A549-tumor-bearing mice resulted in reduced PLK1 expression and in potent antiproliferative eects.
ASOs represent a potentially powerful method of selectively inhibiting gene expression. However, the study of antisense compounds has been hampered by some parameters resulting in variable experimental results. ASOs and in particular phosphorothioate versions used in many investigations are highly charged macromolecules that can induce toxic eects or might alter cellular functions via association to endogenous proteins which activate non-antisense mechanisms (Kuss and Cotter, 1999) . Biological activity attributed to such ASOs may not be the result of the speci®c inhibition of a target gene. Thus, demonstration of speci®city is a key aspect for concluding true antisense action underlying the biological impact of a speci®c ASO. For this reason we paid considerable attention to the speci®city of inhibition of PLK1 gene expression. Several experiments provided evidence for a speci®c mode of action by ASOs P12 and P13: (i) During an examination of 26 phosphorothioate ASOs targeted to dierent sites within the PLK1 mRNA, only a few candidates were potent inhibitors of PLK1 expression; (ii) Control ASOs (HSV-derived, nonsense) had no signi®cant eect on PLK1 mRNA and protein expression in cell culture and in Xenograft experiments; (iii) Our data revealed that the suppression of PLK1 by ASOs was dose-dependent. In addition, we could demonstrate that the expression of other cellular genes like actin and p38 was not aected by P12 or P13 treatment.
The number of antisense cancer drugs that have entered clinical trials is increasing. At least four of these compounds are currently in phase II trials including those targeting protein kinase C-alpha, bcl-2, c-raf and H-ras Nemunaitis et al., 1999; O'Dwyer et al., 1999; Waters et al., 2000; Yuen et al., 1999) . Various studies suggest that the inhibition of early steps in signal transduction causes the simultaneous activation of alternative, parallel signaling pathways resulting also in cellular proliferation. Thus, ASOs targeted against c-raf kinase led only to a transient inhibition of cellular growth (Monia et al., 1996) . This eect might be due to the turnover of applied ASOs or due to the location of the raf protein in the signaling cascade. In contrast to early steps in signal transduction represented by c-raf, ras, PKC, which are targets of antisense approaches, PLK1 is the ®rst example of a kinase triggering terminal steps in the signaling cascade. Multiple observations provided evidence for a central role of PLK1 in the mitotic progression in mammalian cells which can not be bypassed on alternative routes of signal transduction (Cogswell et al., 2000; Lane and Nigg, 1996; Mundt et al., 1997) . Moreover, inhibition of PLK1-function was shown to induce tumor-selective apoptosis compared to normal epithelial cells. Considering these observations our experimental data suggest PLK1 as new target for cancer treatment. In addition to phosphorothioate ASOs, modi®ed derivatives with altered sugar moiety or backbone which have improved pharmacokinetical and toxicological properties or low molecular weight inhibitors targeted against human PLK1 need to be developed for future therapeutic endeavors.
Materials and methods

Oligonucleotides and antibodies
Phosphorothioate oligonucleotides (ASOs) were synthesized and puri®ed by MWG Biotech (Ebersberg). Monoclonal PLK1-antibodies were obtained from Transduction Laboratories (Heidelberg) for Western blots and from Zytomed (San Francisco, CA, USA) for kinase assays. Antibodies for actin were purchased from Sigma (Deisenhofen) and for p38 from Santa Cruz.
RNA preparation
For isolation of total RNA an RNeasy mini kit was used according to the manufacturer's protocol (Qiagen, Hilden). At least 5610 5 cells were used for preparation of total RNA.
Northern blot hybridization
Radiolabeling of the antisense strands of PLK1, b-actin and G3PDH was performed using 250 mCi of a[ 32 P]dCTP (6000 Ci/mmol; 1 Ci=37 GBq) for each reaction, 50 mM of each other dNTP and 10 pmol (each) of primer PLK1-17-low (5'-tgatgttggcaccctttcagc-3'), actin-2-low (5'-catgaggtagtcagtcaggtc-3') and G3PDH-2 (5'-tccctgcctctactggcgct-3') as described previously (Hock et al., 1998) . Northern blotting and hybridizations were carried out as described (Wolf et al., 1997) .
Cell culture
DMEM and DMEM/F-12 1 : 1 mixture were obtained from Sigma, Ham's F12 and FCS from PAA. PBS, OPTIMEM, glutamine, penicillin/streptomycin and Trypsin were purchased from Invitrogen. Tumor cell lines MDA-MB-435 and A549 were obtained from CLS (Heidelberg), HeLa S3 from DSMZ (Braunschweig) and cultured according to their instructions with slight modi®cations.
Western blot analysis
Forty-eight hours after ASO treatment cells were lysed for subsequent Western blotting (Hock et al., 1998) . Membranes were kept for 1 h with monoclonal PLK1 antibodies (1 : 250) and monoclonal actin antibodies (1 : 200 000) followed by incubation with goat anti-mouse antibodies (1 : 2000) for 30 min. Western blots were performed as described (Bohme et al., 1996) .
Kinase assays
Cells were lysed 24 h after ASO treatment for determination of PLK1 kinase activity. Endogenous PLK1 was immuno-precipitated using monoclonal PLK1 antibodies (Zytomed) and then incubated with 0.5 ± 1 mg of substrate and 2 mCi of [g-32 P]ATP for 30 min at 378C in kinase buer (20 mM HEPES pH 7.4, 150 mM KCl, 10 mM MgCl 2 , 1 mM EGTA, 0.5 mM DTT, 5 mM NaF, 0.1 mM Na 3 VO 4 . Kinase reaction was stopped and fractionated on a 12% SDS-polyacrylamid gel (BioRad, MuÈ nchen).
Indirect immunofluorescence
Cells were stained as described before (Holtrich et al., 2000) . Antibodies were used as follows: monoclonal a-tubulin (Cedarlane, Canada) 1 : 100, polyclonal rabbit PLK1 (Yuan et al., 1997) 1 : 100 or monoclonal g-tubulin (Sigma) 1 : 100.
In vitro application of ASOs and determination of cell proliferation
In vitro inhibitory activities of ASOs on cell proliferation were tested by transfection with dierent ASOs. Transfections were performed using the DOTAP method (Roche, Mannheim). In brief, 1 day before transfection cells were split to a density of 5610 5 /25 cm 2 -culture¯ask corresponding to a density of 40 ± 50% at the time of transfection. Cells were treated with ASOs at a concentration of 250 nM. After 3 h incubation with ASOs in OPTIMEM with DOTAP at 378C, transfection mix was replaced by normal culture media. Cell numbers were determined at the appropriate time after ASO treatment by direct counting using a hemacytometer. Cell viability was assessed by Trypan blue staining. Each experiment was performed at least in triplicate and the standard deviation for each group was determined.
Tumor xenograft studies
Human cancer xenograft models were established with at least three independent groups of ®ve athymic nude mice (nu/ nu) NMRI 8 ± 10 weeks old (Harlan Winkelmann). For this purpose A549 cells were harvested, washed with PBS, resuspended in normal culture media and then 2610 6 cells were injected subcutaneously into the animal's¯ank regions. Arising tumors were serially passaged by a minimum of three consecutive transplantations before the start of treatment.
Then tumor fragments were implanted subcutaneously in both¯anks of the nude mice and ASO application was started 25 days after transplantation when the tumor reached a volume of 100 mm 3 . ASO treatment (formulated in PBS) was carried out daily by bolus injection (100 ml) into the animal's tail vein at a dose of 12 mg/kg body mass for 24 days. Tumor diameters were determined using a caliper. Volumes were calculated according to the formula V=p/ 66largest diameter6smallest diameter 2 . Standard deviations were calculated. Experiments were carried out in triplicate. After sacri®cing the animals tumors were excised for immunohistochemistry (Yuan et al., 1997) .
Immunohistochemistry
Tumor sections of Xenograft tumors were prepared as described (Yuan et al., 1997) . Slides were incubated with monoclonal MIB-I antibodies (1 : 10; Dianova, Hamburg) and a polyclonal PLK1 antibody (1 : 200; Transduction Laboratories, Heidelberg). As detection system for PLK1 the EnVision+System (Dako, Hamburg) was used according to the manufacturer's protocol.
Quantitative analysis
For semiquantitative analysis of Northern and Western blot signal intensities the autoradiographs were scanned using a Kodak gel documentation system (1D 3.5). After integration of signal intensities expression of PLK1 and actin were correlated for quantitative comparison. The expression values were given in percentage of control. For quantitative evaluation of immunohistochemistry in A549 tumors, 10 high power magni®cation ®elds (4006) per slide were analysed. Immunoreactive staining of PLK1 and MIB-1 is given in per cent positive tumor cells.
